Infection of mice with pneumonia virus of mice (PVM) is used as a natural host experimental model for studying the pathogenesis of infection with the closely related human respiratory syncytial virus. We analyzed the contribution of T cells to virus control and pathology after PVM infection. Control of a sublethal infection with PVM strain 15 in C57BL/6 mice was accompanied by a 100-fold increase in pulmonary cytotoxic T lymphocytes, 20% of which were specific for PVM. T-cell-deficient mice failed to eliminate PVM and became virus carriers in the absence of the clinical or histopathological signs of pneumonia that occurred after infection of control mice. Mice with limited T-cell numbers did not achieve virus control without weight loss, indicating that T-cell-mediated virus control was closely linked to immunopathology. Both CD4 and CD8 T cells independently contributed to virus elimination and disease. Virus control and disease were similar in the absence of perforin, gamma interferon, or tumor necrosis factor alpha. Interestingly, disease and mortality after lethal high-dose PVM infection were independent of T cells. These data illustrate a key role for T cells in control of PVM infection and demonstrate that both T-cell-dependent and -independent pathways contribute to disease in a viral dose-dependent fashion.
Human respiratory syncytial virus (RSV) is a leading cause of lower respiratory tract infection in infants and young children (20) . The development of a safe vaccine, as well as of novel therapeutic approaches, hinges on a better understanding of the immune response to RSV. The role of T cells in virus control and disease pathogenesis is controversial. In RSVinfected infants, little correlation has been found between clinical disease parameters and the level of the virus-specific cytotoxic-T-lymphocyte (CTL) response in bronchoalveolar lavage (BAL) fluid or blood (22) . Moreover, only low numbers of T cells were detected in postmortem lung tissues of children with lethal RSV infections (25, 36) . On the other hand, infants with congenital T-cell deficiency in the context of SCID fail to eliminate RSV (15, 16, 21) and virus control during T-cell reconstitution can significantly aggravate the pulmonary disease (15; our unpublished observations). Experiments in the RSV mouse model have shown that T cells are necessary and sufficient for virus elimination and that T-cell-mediated immunopathology contributes significantly to the disease (3, 17, 29) . However, RSV is not a natural pathogen of mice, and only a limited respiratory infection can be established after intranasal inoculation of virus at high titers (Ͼ10 5 PFU) (18) . The significance of these findings for human RSV infection is therefore unclear.
Infection of mice with pneumonia virus of mice (PVM), a virus of the same genus as RSV, is increasingly used as a natural host experimental model for human RSV infection (13) . PVM replicates to high titers in the mouse lung, causing a rapid onset of severe, and eventually fatal, granulocytic bronchiolitis at doses as low as 10 2 PFU (10, 11). Thus far, there are only limited data on the role of T cells in PVM infection. Early observations in spontaneously infected T-cell-deficient nude mice indicated a role for T cells in virus control (5, 32, 35) . However, in other studies, very few lymphocytes were detected in the alveolar space after experimental PVM infection (2, 9) . Virus-specific CD8 ϩ T cells have been isolated at later time points after sublethal infection, but the frequency was low, and evidence of functional CTL inactivation was presented (7) . These data suggested that T cells may play a limited role in the PVM model.
In the present study we performed detailed analyzes of the role of T cells in the murine PVM infection. Experiments were designed to address the following questions. (i) What is the kinetic, the magnitude, and the virus-specific functional activity of the T-cell response, and how does this correlate to disease parameters? (ii) What is the course of the infection in the absence of T cells? (iii) What are the relevant T-cell-dependent effector mechanisms during PVM infection? (iv) Are there differences concerning the role of T cells between sublethal low-dose and lethal high-dose PVM infections? Our data show that T cells are important for control of PVM replication but also significantly contribute to PVM disease in a viral dose-dependent fashion.
MATERIALS AND METHODS
Mice. C57BL/6 mice were obtained from Charles River (Sulzfeld, Germany). T-cell-receptor ␤ (TCR␤)-chain-and TCR␤␦-chain-deficient C57BL/6 mice were provided by F. von Loewenich (Institute for Medical Microbiology and Hygiene, Freiburg, Germany). CD4 (B6.129S2-Cd4)-and CD8 (B6.129S2-Cd8a)-deficient mice were obtained from the Jackson Laboratory (Bar Harbor, ME). Gamma interferon (IFN-␥) receptor ␣-chain knockout mice (GKO) were originally generated by M. Aguet (Lausanne, Switzerland) (23) and backcrossed to C57BL/6 for six generations. C57BL/6 mice deficient in perforin (PKO) (26) were generously provided by Hans Hengartner (Zürich, Switzerland). Tumor necrosis factor receptor p55 (TNFRp55)-deficient mice were kindly provided by K. Pfeffer (Institute for Medical Microbiology and Clinical Hygiene, Düsseldorf, Germany) and TNF-␣-deficient mice by M. Freudenberg (MPI for Immunobiology, Freiburg, Germany). All mice were bred and kept under specific-pathogen-free conditions in microisolator cages and used in age-and sex-matched experimental groups at 6 to 12 weeks of age. Mice were infected intranasally under ketamine and xylazine anesthesia with PVM15 in 80 l of serum-free Eagle minimal essential medium. After infection, the inocula were retitrated. Inocula between 50 and 250 PFU are termed low-dose infections, and inocula between 2,000 and 5,000 PFU are termed high-dose infections throughout the present study. These doses had been established to cause sublethal, respective lethal infections in previous experiments. All animal experiments were performed in accordance with guidelines of the local animal care commission (accreditation no. 35/9185.81/G-06/81).
Virus and cells. PVM strain 15 (ATCC no. VR-25) was propagated in BHK cells (ATCC, CCL-10) (27) . Virus was purified via discontinuous sucrose gradient and stored at Ϫ80°C. Virus titers were determined by plaque assay on Vero cells (ATCC, CCL-81) under 0.8% methylcellulose as described previously (28) . RAW309Cr1 (ATCC, TIB-69) is a murine macrophage cell line expressing both H-2 d and H-2 b MHCI molecules. These cells were found to be permissive for PVM and were used for the detection of PVM-specific CD8 ϩ T cells as described below.
T-cell depletion and reconstitution experiments. For T-cell depletion experiments, mice were injected intraperitoneally with a combination of 100 g of anti-CD4 (clone YTS 191) and 200 g of anti-CD8 (clone YTS 169) antibodies (8) or with phosphate-buffered saline as a control 1 day prior to infection. This treatment achieved a 500-fold reduction of circulating CD4
ϩ T cells and a 20-fold reduction of CD8 ϩ T cells as assessed by flow cytometry of peripheral blood cells at the end of the experiment. TCR␤␦-deficient mice were reconstituted with defined numbers of naive spleen cells from sex-matched C57BL/6 donor mice injected intravenously 1 day before PVM15 infection.
Flow cytometry. To obtain pulmonary inflammatory cells, mice were injected intraperitoneally with 10 mg of thiopental and exsanguinated via femoral vessels. BAL and isolation of pulmonary inflammatory cells was performed as described previously (31) . Surface staining was performed for 30 min at 4°C using antibodies directed against the following molecules: CD3 (clone 145-2C11), CD4 (clone GK1.5), CD8 (clone 53-6.7), and streptavidin (all from BD Pharmingen, San Diego, CA). For intracellular IFN-␥ staining, isolated BAL cells (1 ϫ 10 5 ) were cultured with PVM15-infected or uninfected RAW309Cr1 cells (4 ϫ 10 4 ) for 3 h in 96-well V-bottom plates in a volume of 200 l of Iscove modified Dulbecco medium 10% fetal calf serum supplemented with 1 l of monensin (Golgistop; BD Pharmingen)/ml. Cells were harvested, washed, surface stained (CD3 and CD8), and then subjected to intracellular cytokine staining using a Cytofix/Cytoperm kit according to the manufacturer's instructions (BD Pharmingen). Cells were either stained with antibody against IFN-␥ (clone XMG1.2) or stained with an isotype control antibody (clone R3-43) (both from BD Pharmingen). Cells were analyzed on a FACSort cytometer using CellquestPro v4.02 software. Absolute cell numbers were calculated by multiplication of microscopically counted live cells (trypan blue exclusion) with the percentage of the respective population among live cells as determined by forward-and side-scatter analysis by flow cytometry.
Cytometric bead array. BAL was performed with 0.8 ml of phosphate-buffered saline with a recovery of ϳ0.6 ml. After centrifugation, the BAL supernatants were stored at Ϫ20°C. Then, 50-l portions of the supernatants were analyzed for secreted cytokines-interleukin-6 (IL-6), IL-10, monocyte chemoattractant protein 1 (MCP-1), IFN-␥, TNF-␣, and IL-12p70-using a CBA mouse inflammation kit (BD Pharmingen) according to the manufacturer's instructions. The data were analyzed by using CBA software (BD Pharmingen).
Tissue processing and histopathology. Lung tissue of infected animals that had been instilled with 0.5 ml of 4% formalin intratracheally was dissected, immersed in 4% formalin overnight, and embedded in paraffin. Sections (4 m thick) were stained with hematoxylin and eosin (H&E) and scored in a blinded fashion by a single experienced observer. The samples were examined for the extent and cellular composition of inflammatory infiltrates in bronchi, bronchioli, alveoli, and lung interstitium. In addition, injury to bronchoalveolar epithelium, including necrosis, apoptosis, and desquamation was evaluated.
Statistics. Data were analyzed by using a Student's t test in the case of a normal distribution of raw data and equality of standard deviations. In cases where standard deviations differed significantly, the Welch t test was used. The nonparametric Mann-Whitney test was performed if the data did not follow a Gaussian distribution. All data were analyzed with GraphPad InStat software, version 3.06. Differences were considered significant at a P value of Ͻ0.05.
RESULTS

PVM15
-induced weight loss is most pronounced during virus elimination, not at the peak of virus replication. In previous experiments an optimal dose of 200 PFU or lower of PVM15 was established to cause a sublethal but symptomatic infection in C57BL/6 mice. Disease symptoms such as reduced activity and weight loss started at days 6 to 7 after infection and peaked with ca. 20% weight loss at days 8 to 9 (Fig. 1A) . To assess the relationship between viral replication and weight loss, we determined PVM15 lung titers at different time points after infection. Peak virus titers of about 10 6 PFU per lung were observed on day 7 and PVM15 was eliminated below detection limit by day 11 after infection (Fig. 1A) . Superimposition of the graphs for body weight and viral replication revealed a correlation between weight loss and the phase of virus elimination (days 7 to 11) rather than that of virus amplification (days 3 to 7). Weight loss correlated with the extent of alveolar cell infiltration, which achieved its maximum between days 8 and 11 after infection (Fig. 1B) . This was interpreted as an indication for a contribution of the antiviral immune response to PVM15-induced disease. , and 19 groups of four to six mice were sacrificed for cellular analysis (see also Fig. 2A and B). Open squares indicate the mean weight loss relative to the initial weight and standard deviation from 4 to 20 mice per day (left y axis). In a second, independent experiment (with equal kinetics of weight loss), groups of mice were sacrificed at days 3, 5, 7, 9, and 11 after infection for determination of pulmonary virus titers. The filled triangles (right y axis) indicate the mean virus titer and standard deviation from four mice per time point. (B) Absolute BAL cell counts as determined by microscopy. All experiments were performed twice with similar results.
The peak of the antiviral CTL response occurs at a time point when mice already start to recover. We then analyzed the cellular infiltrates in the lung by microscopy and flow cytometry of samples obtained by BAL. Although neutrophils and macrophages were the predominant cell populations (determined by cytospin analysis) up to day 6 after low-dose PVM15 infection (data not shown), lymphocytes were the dominating cell population thereafter. The absolute numbers of CD3 ϩ T cells increased ϳ100-fold between days 4 and 11 after infection ( Fig. 2A) . Whereas ca. 50% of the infiltrating CD3 ϩ T cells were CD4 ϩ T cells on day 4, almost all T lymphocytes were CD8 ϩ CTLs by day 8, and this predominance of CTL persisted after the virus had been eliminated (Fig. 2B) . In order to identify PVM-specific CTLs, we analyzed IFN-␥ production of BAL CTLs in response to stimulation with PVM15-infected or uninfected RAW309Cr1 cells, a macrophage cell line expressing H-2 b and H-2 d that we identified to be permissive for PVM. The percentage of CTLs secreting IFN-␥ in response to stimulation with infected RAW309Cr1 cells increased from Ͻ5% to 12 to 15% between days 8 and 10 after infection, and the absolute number of virus-specific CTLs increased by a factor of 20 (Fig. 2C) . Thus, a high number of functional PVM-specific CTLs was generated after PVM15 infection.
Control of virus replication and weight loss after sublethal PVM infection are T cell dependent. The contribution of T cells to virus control and disease pathogenesis after PVM15 infection was then analyzed using T-cell-deficient TCR␤␦ Ϫ/Ϫ mice. After inoculation with the low-dose of PVM15, C57BL/6 wild-type mice eliminated the virus below detection limit by day 11, as shown before ( Fig. 1 and Fig. 3A and B) . In contrast, virus remained detectable at significant titers in TCR␤␦ Ϫ/Ϫ mice up to day 24 after infection (Fig. 3A) . Since ␥/␦ T cells may play an important role in microbial defense at mucosal surfaces (1), we addressed the question of whether ␥/␦ T cells could substitute for the loss of ␣/␤ T cells during PVM15 infection. However, PVM15 persisted at similar levels in TCR␤-deficient mice (Fig. 3B) , arguing against a significant contribution of ␥/␦ T cells to virus elimination in this model. To analyze the further fate of these persistently infected mice, we performed an additional experiment where mice were observed until day 49 after infection. PVM persisted at significant, but variable titers in all of the mice analyzed (Fig. 3E) . Interestingly, the T-cell-deficient mice did not loose any body weight, nor did they show any other clinical symptoms during the observation period (Fig. 3C, D, and F) . This indicated that, in these experiments, PVM15-induced weight loss was also T cell dependent.
These findings were extended in reconstitution experiments. TCR␤␦-deficient mice were transfused with increasing numbers of naive C57BL/6 spleen cells, followed by infection with PVM15. A transfusion of 5 ϫ 10 6 spleen cells was required to achieve a significant reduction of virus titers by day 11 after PVM15 infection (Fig. 4A) . At the same time this was accompanied by weight loss of ca. 10% on day 9 after infection ( Fig.  4B) . Mice that had received less than 5 ϫ 10 6 spleen cells did not loose weight but also failed to significantly reduce PVM15 titers. This correlation between the efficacy of virus control and weight loss suggested a direct relationship between the beneficial and detrimental effects of T-cell responses during PVM15 infection.
To analyze the relative contribution of CD4 or CD8 T cells, we infected CD4-and CD8-deficient mice. Figure 4C shows that there was minimal weight loss in CD8-deficient mice and slightly more weight loss in CD4-deficient mice compared to 
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on February 27, 2014 by PENN STATE UNIV http://jvi.asm.org/ wild-type mice. Although the virus titers were comparable in CD4-deficient, CD8-deficient, and control mice at day 7 after infection, both knockout strains had eliminated PVM15 below the detection limit by day 11 after infection ( Fig. 4D ). Depletion of both T-cell subsets from C57BL/6 mice led to a complete loss of virus control (Fig. 4D ), illustrating that virus control in the knockout animals is mostly mediated by the still available T-cell subset and not by T-cell-independent mechanisms. Reduced pulmonary inflammation despite viral persistence in T-cell-deficient mice. Histopathological analysis of lung tissue from TCR␤-deficient and wild-type mice on day 9 after sublethal PVM15 infection revealed significant differences between the two groups. The lungs of wild-type mice showed a severe pneumonia with widespread intra-alveolar and interstitial infiltrates consisting predominantly of neutrophils, macrophages, and scattered lymphocytes ( Fig. 5A and B) . Bronchi and bronchioli showed transmigration of neutrophils and focal epithelial necrosis and apoptosis (Fig. 5C) . Sloughed epithelial cells, cellular debris, and inflammatory cells and fibrin partially filled the lumina (Fig. 5C ). In contrast, inflammatory infiltrates in TCR␤-deficient mice were much less pronounced ( Fig. 5D and E). These infiltrates consisted largely of focal aggregates of macrophage and foamy cell clusters ( Fig. 5D and E) , which sometimes contained multinucleated cells reminiscent of granulomas. The bronchial and bronchiolar epithelium was mostly intact (Fig. 5F ).
To further define the characteristics of T-cell-mediated disease, we determined several inflammatory cytokines in the BAL fluid 8 days after PVM15 infection. Except for IL-12p70, the level of all investigated cytokines was significantly reduced in T-cell-deficient mice compared to wild-type mice. This was particularly pronounced for IFN-␥, MCP-1, and IL-6 (Fig. 6) . Thus, the pulmonary inflammatory response as determined by these marker cytokines correlated with the histological data and was significantly reduced in the absence of T cells.
Virus control and weight loss after PVM15 infection are independent of IFN-␥, perforin, and TNF-␣. To characterize the molecular effector mechanisms involved in CTL-mediated virus control and immunopathology, we performed experiments with mice deficient for perforin (PKO), the IFN-␥ receptor (GKO), or for the TNFRp55 (TKO). All strains showed similar virus titers at day 7 after infection with a sublethal dose of PVM15 (Fig. 7A) . Surprisingly, all of the mice had eliminated PVM15 by day 11, revealing that neither of these T-cell effector molecules is absolutely required for virus elimination (Fig. 7A) . Weight loss after low-dose infection was similar in GKO and control mice (Fig. 7B ) but appeared slightly reduced in PKO mice, indicating a minor role for perforin in PVM15-mediated weight loss (Fig. 7C) . These minor differences were not observed in experiments using lethal doses of PVM15 where weight loss development of PKO and GKO mice was identical to those of wild-type control mice (Fig. 7B and C) . TKO mice lost slightly more weight than control mice after low-dose PVM15 infection, but this difference was not statistically significant (Fig. 7D) .
The role of T cells in PVM-induced disease is dose dependent. C57BL/6 mice infected with doses of PVM15 higher than 1,000 PFU show enhanced weight loss and usually succumb to severe pneumonia by day 9 after infection (data not shown). To study the contribution of T cells to disease and mortality at lethal doses of PVM, TCR␤ Ϫ/Ϫ and wild-type mice were infected with 3,500 (Fig. 8A) or 5,000 (Fig. 8B ) PFU of PVM15 and monitored for weight loss and survival. Unexpectedly, these lethal doses induced similar weight loss in both groups (data not shown), and survival was only slightly prolonged in T-cell-deficient mice (Fig. 8A and B) . These observations were confirmed by histopathological analysis. Nine days after infection with 5,000 PFU, TCR␤-deficient mice still showed the characteristic macrophage clusters observed in Fig. 5B , but they also developed the extensive intra-alveolar granulocytic infiltrates and disruption of the bronchial epithelium that were observed in wild-type mice (Fig. 8C, compare to Fig. 5A ). The inflammatory response pattern for MCP-1, IL-10, IFN-␥, and IL-12p70 was similar to that observed after low-dose infection. However, in contrast to infection with sublethal doses, lethally infected T-cell-deficient mice and wild-type mice showed similar levels of IL-6. Most strikingly, T-cell-deficient mice had a significantly higher TNF-␣ response (Fig. 8D) . Overall, these findings showed that disease and mortality were determined by T-cell-independent pathways after PVM infection with lethal doses.
DISCUSSION
This study demonstrates an important role for T cells in virus control and immunopathology after infection of mice with PVM15. T-cell-deficient mice became chronic virus carriers in the absence of acute disease, illustrating the dual role of T cells for virus control and immunopathology. Controlled variation of host and viral parameters showed a tight balance between beneficial and detrimental effects of T cells but also revealed pathways of disease after high-dose PVM infection that appeared to be T cell independent.
The contribution of T cells to virus control and pathology after murine PVM infection has not been investigated in detail previously. In studies analyzing the early, innate immune response to PVM in C57BL/6 mice (13), very poor pulmonary lymphocyte responses were observed (12) . Analysis of BALB/c mice at later time points after infection showed significant CD8 ϩ T-cell infiltrates, and up to 11% of these were specific for a single PVM-derived CTL epitope (7). However, epitopespecific IFN-␥ production was not detected in more than 2 to 3% of BAL CTLs to this or any of the other tested epitopes. In analogy to similar findings in other respiratory virus infections (6, 7, 19) , these data were interpreted as indication for a PVM-mediated functional inactivation of T cells. In our study, we observed a strong T-cell infiltrate in the BAL of PVM15-infected C57BL/6 mice. We analyzed the function of PVM-specific T cells after restimulation with PVMinfected antigen-presenting cells. This leads to presentation of the full spectrum of PVM-derived peptides in more physiological concentrations and allowed quantification of the overall T-cell response to the virus, including the response to yetundefined epitopes. Using this approach we found PVM-specific IFN-␥ production in up to 20% of BAL CTLs, demonstrating a strong virus-specific pulmonary T-cell response to PVM that is comparable to other murine respiratory virus infections, including RSV (31). Our observations also suggest that during the time of virus elimination (days 8 to 11) the functional CTL response to PVM is not significantly impaired. This is compatible with our previous finding that functional silencing of T cells in the alveolar space does not impair virus control and probably represents a physiological mechanism to limit pulmonary inflammation rather than a viral escape strategy (30, 34) .
Extending early observations in nude mice (5, 32, 35) , we show that genetically T-cell-deficient or T-cell-depleted mice Ϫ/Ϫ mice. C57BL/6 or TCR␤ Ϫ/Ϫ mice were infected with low-dose PVM15, and the indicated cytokines were determined on day 8 after infection in BAL fluids by cytometric bead array. In the graphs the data of two independent experiments were combined. *** , P Ͻ 0.0001; ** , P Ͻ 0.005; * , P Ͻ 0.05; ns, not significant.
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cannot eliminate PVM15 during an observation period of 49 days. Persisting virus titers in these chronically infected mice were ϳ10-fold lower than peak titers, suggesting that T-cellindependent factors, e.g., components of the innate immune response, can provide some level of virus control but fail to eliminate the pathogen. These results mirror previous findings in human and murine RSV infection: infants with congenital T-cell deficiencies fail to eliminate RSV (15, 16, 21) , and depletion of T cells leads to persistent infection in BALB/c mice (17) . Adoptive transfer experiments have shown that T cells are necessary and sufficient to clear RSV from infected mice (3, 4, 29) . Similar to the RSV model (17) , both CD4 ϩ and CD8 ϩ T cells contributed to the clearance of PVM from the lung.
The extent of PVM-induced airway disease, however, was only partly determined by the kinetics of virus elimination and viral cytopathogenicity but significantly enhanced by the immune response to the viral infection. After infection with sublethal doses of PVM, weight loss as a rough measure of clinical disease was clearly dependent on T cells. T-cell-deficient mice also showed a significantly attenuated pulmonary inflammatory response after low-dose PVM infection. This concerned not only T-cell-dependent cytokines such as IFN-␥ but also cytokines mostly secreted by macrophages and epithelial cells such as MCP-1 and IL-6. Pulmonary inflammatory infiltrates were also significantly attenuated in T-cell-deficient mice. Also, during prolonged observation T-cell-deficient mice did not develop signs of disease despite failure to control the virus. This is in contrast to previous reports that nude mice spontaneously infected with PVM develop chronic pneumonia that is eventually lethal (32, 35) . The limited observation period may explain this discrepancy, but secondary infections in non-SPF mouse facilities may also contribute to this effect. Significantly, despite the T-cell dependence of the pulmonary pathology in low-dose PVM-infected mice, the inflammatory cells were predominantly granulocytes. This may be important for the interpretation of recent histopathological studies of lung tissue from infants with RSV infection (25, 36) .
The molecular mechanisms of T-cell-mediated virus clearance and immunopathology in PVM infection remain elusive. Similar to the RSV mouse model, both processes did not require perforin, TNF, and-as also shown previously for PVM (14)-IFN-␥. This is in contrast to previous reports in the RSV mouse-model, where TNF has been postulated to be the main mediator of virus-induced illness (24, 33) . We have preliminary evidence indicating that a combination of these effector mechanisms is required for the control of PVM, but this needs to be defined in more detail. It will be important for the development of targeted immunotherapeutic interventions.
Given the clear role of T cells after low-dose infection, it was an unexpected finding that infection with a lethal dose induced weight loss and mortality to a similar extent in both T-celldeficient and control mice. One may speculate that viral cytopathogenicity is more important under these conditions. Although virus persistence at moderate levels (ϳ10 4 PFU/lung) was tolerated long term without significant signs of disease, the high virus load achieved after lethal infection (10 6 to 10 7 PFU/ lung; data not shown) may have a more drastic influence on pulmonary homeostasis. Another possibility is damage by inflammatory cytokines. In particular, the levels of IL-6 and MCP-1 were increased in high-dose compared to low-dose infections of TCR␤ Ϫ/Ϫ mice. This may indicate that innate immune cells and molecules significantly contribute to immunopathology in the absence of T cells.
In summary, analysis of the role of T cells in the PVM mouse model revealed an important contribution to virus control and a dose-dependent contribution to virus induced immune pa- 
